T-cell non-Hodgkin's lymphomas can be considered the neoplastic equivalents of immunologically functional, site-restricted T lymphocytes. Liile is known about the occurrence and clinical behavior of T-cell lymphomas that are the neoplastic equivalents of different functional T-cell subsets. Here, w e investigated the prevalence, preferential site, immunophenotype, and clinical behavior of the neoplastic equivalents of activated cytotoxic T cells (CTLs) in a group of 140 nodal and extranodal T-cell lymphomas. Activated CTLs were shown immunohistochemically with a monoclonal antibody against granzyme B, a major constituent of the cytotoxic granules of activated T cells. Granzyme B-positive T-cell lymphomas were mainly found in mucosa-associated lymphoid tissue (MALT; nose, 63% of the cases; gastrointestinal tract, 46%; and lung, 33%). Granzyme B-positive cases with primary localization in MALT were more often associated with angioinvasion ( P = .005), necrosis ( P = .002).
and histologic characteristics of celiac disease in adjacent -CELL MALIGNANCIES are rare and constitute about 15% to 20% of the non-Hodgkin's lymphomas in the United States and Western Europe.' The only classification with a detailed subdivision of T-cell lymphomas is the updated Kiel classification.2 In this classification, T-cell lymphomas are classified based on morphologic criteria of nodal T-cell lymphomas. However, its reproducibility has been q~estioned.~ From homing studies with T cells, the existence of tissue-restricted T-cell subsets that have their own biologic behavior became apparent:" Thus, mucosal T cells, skin T cells, and nodal T cells show organ-specific homing mediated by organ-specific homing receptors that bind with tissue-specific position markers on endothelial cells, termed vascular addressins.8-12 Also, T-cell non-Hodgkin's lymphomas derived from these different tissue-restricted T-lymphocyte subsets not only show differences in adhesion molecule expression, but also show a different clinical behavior and progn~sis.'~"~ Therefore, we and others proposed to include site of origin in a future classification of T-cell lymphomas? '6 Until recently, it was impossible to differentiate most functional subsets, eg, suppressor T cells and cytotoxic T cells (CTLs) by membrane characteristics only. Therefore, little is known about the occurrence, presentation, and clinical behavior of T-cell lymphomas that are the neoplastic counterparts of different functional T-cell subsets. The production of monoclonal antibodies (MoAbs) against human perforin and serine esterases, major components of the cytotoxic granules found in the cytoplasm of CTLs on activation,". mucosa not involved with lymphoma. Eosinophilia was more often observed in granzyme B-negative cases ( P = .03). Most cases belonged to the pleomorphic medium-and largecell group of the Kiel classification. CD30 expression was more often found in granzyme B-positive lymphomas of MALT (P = .04). whereas CD56 expression was exclusively found in nasal granzyme B-positive lymphomas. Immunophenotypically, most of the cases should be considered as neoplastic equivalents of activated CTLs based on the presence of T-cell markers on tumor cells. In two cases of nasal lymphoma, tumor cells probably were the neoplastic counterparts of natural killer cells. The prognosis of the granzyme B-positive gastrointestinal T-cell lymphomas was poor but did not differ from granzyme B-negative gastrointestinal Tcell lymphomas. This indicates that, in peripheral T-cell lymphomas, site of origin is more important as a prognostic parameter than derivation of activated CTLs. been detected in mast cell and macrophage cell line^.^','^ Although the precise role of granzymes in cell-mediated cytotoxicity is poorly understood and more functions than just DNA fragmentation can probably be attributed to granz y m e~? ' -~~ the presence of these proteins can be used to identify activated CTLs and, consequently, T-cell lymphomas derived from activated CTLs.
Here, we investigated the prevalence, preferential site, phenotype, and clinical behavior of T-cell lymphomas derived from activated CTLs using an MoAb against the serine esterase granzyme B in a large series of T-cell lymphomas from nodal and extranodal sites to see if differences could be found in relation to granzyme B-negative T-cell lymphomas. The results show that granzyme B-positive lymphomas are preferentially localized in mucosa-associated lymphoid tissue (MALT), have a poor clinical behavior, and show some typical histologic characteristics. ). There were 63 primary nodal T-cell lymphoma cases and 77 primary extranodal Tcell lymphoma cases. Extranodal T-cell lymphoma was accepted when patients presented with predominant or exclusive involvement of a certain extranodal region and had presenting symptoms related to that specific region. Cases were classified according to the updated Kiel classification ( Table l) . The T-cell nature was defined as presence of one or more T-cell-specific and/or characteristic antigens on the tumor cell population: on paraffin wax-embedded sections, CD3, CD4SR0, and/or CD43; on frozen sections, when available (n = 46), CD2, CD3, CD5, and/or CD7. B-cell (CD19, CD20, and/ or CD22) and histiocytic (CD68) markers had to be negative on tumor cells. Extranodal cases initially presented in the nose or paranasal cavities (n = 8), in the lung (n = 3), in the gastrointestinal tract (n = 46), or in the skin (n = 20). Clinical data were obtained from referring specialists. Complete remission (CR) was defined as the total disappearance of all symptoms and clinically detectable disease that was present at the initiation of therapy and the appearance of no new lesions for 3 months. Survival was calculated from the date of diagnosis to the date of death caused by the disease or to the date of last contact. Statistical analysis was performed with the BMDP Statistical Software (Los Angeles, CA), with P values of less than .OS being considered significant. Kaplan-Meier curves were plotted, and differences between the curves were analyzed with the Mantel-Cox statistic. To evaluate CD30 expression as a prognostic parameter, a case was considered to be CD30-positive when more than SO% of the tumor cell population stained for BerH2.
MATERIALS AND METHODS

Patient
To study the distribution of granzyme B-positive cells in nonneoplastic lymphoid tissue; nonneoplastic lymph nodes (n = 3); tonsils (n = 3); and specimens from normal stomach, jejunum. and descending colon were used.
Histology and immunohistochemistry. Sections were stained for hematoxylin and eosin, Giemsa and periodic acid Schiff.
The production and characterization of MoAbs against granzyme B has recently been described."
All MoAbs against granzyme B reacted with a monomer of 33-kD protein. One of these MoAbs against granzyme B (GB9) gives a strong staining result on formalinfixed, paraffin wax-embedded tissue and was subsequently used in this study. All nonlymphoid cells were completely negative for GB9 on tissue sections with the exception of polymorphonuclear (PMN) leucocytes. However, on Western blot, granzyme proteins were not detected in cell lysates of PMN leukocytes, indicating that staining of PMN leukocytes in tissue sections with GB9 is caused by crossreactivity with PMN leukocyte-associated serine proteases." Immunostaining with GB9 was performed after antigen retrieval'X of tissue sections in microwave oven (2 X 5 minutes at 100°C; maximum power, 700 W) with citrate buffer (0. I mol/L [pH 6.0]), for 1 hour at room temperature. After blocking endogenous peroxidases, immunoperoxidase staining was performed using a biotinylated horse antimouse antibody (Vector Laboratories, Burlingame, CA) and the streptavidin-biotin horseradish peroxidase complex (ABC; Dakopatts, Glostrup, Denmark) as second and third step. The peroxidase reaction was visualized using 3.3 diamino-benzidine-tetrahydrochloride/H20Z (Sigma, St Louis, MO).
According to the number of tumor cells positive for granzyme B. cases were divided into four categories: (I) 0% to 10%; (2) 1 1 % to 20%; (3) 21% to 50%; and (4) . The immunohistochemical stainings were performed with standard techniques using an avidin-biotin horseradish peroxidase complex method, with or without modifications as described for GB9, or using an indirect immunoperoxidase method. The enzyme histochemical staining for naphtol-AS-D-chloroacetate esterase (Leder) was performed according to standard laboratory techniques.
To identify the phenotype of granzyme B-expressing cells in nonneoplastic lymphoid tissue, sequential frozen tissue sections were used for double stainings. Briefly, slides were incubated with primary MoAbs directed against different CD markers (CD3, CD4, CD8, CD16, and CDS6) followed by the alkaline phosphatase anti alkaline phosphatase (APAAP) method (APAAP, Dakopatts). Bound alkaline phosphatase was then visualized by addition of naphtol AS-MX phosphate (Sigma) and Fast Blue BB in 0.2 mol/L Tris-HCL, pH 8.5. Endogenous alkaline phosphatase activity present in the tissues was blocked by addition of 1 mmol/L levamisole to the reaction mixture. Subsequently, these slides were incubated with biotinylated MoAbs against granzymes. Binding of these antibodies was detected using the streptavidin-biotin peroxidase method. Endogenous peroxidase activity was blocked by 0.1% sodium azide, 0.3% H?02. Peroxidase activity was visualized using amino-ethyl-carbozole (Sigma).
RESULTS
Granzyme B expression and pathologic jindings. Granzyme B-positive neoplastic cells showed a diffuse granular
For personal use only. on November 11, 2017. by guest www.bloodjournal.org From or dot-like perinuclear staining. Overall, 29 of 140 (21%) T-cell lymphomas were found to be granzyme B-positive (ie, showed more than 50% staining of the tumor cell population; see Table 1 ). In an additional 2 primary gastrointestinal cases, 11% to 20% of the tumor cells were GB9-positive. No cases were found with 0% to 10% or 21% to 50% gran- (Fig 3) . In 1 gastrointestinal lymphoma case, interpretation was difficult because CD8-positive tumor cells were surrounded by nu- The relationship between lymphoma subtype and granzyme B expression is depicted in Table I . Most cases belonged to the pleomorphic medium-and large-cell subtype category. Pleomorphic small-cell, immunoblastic and, less frequently, large-cell anaplastic granzyme B-positive T-cell lymphomas were also observed.
Necrosis and angioinvasion were more prominent in the group of granzyme B-positive T-cell lymphomas, whereas eosinophilia was slightly more prominent in granzyme Bnegative cases. Epitheliotropism in the overlying mucosa of neoplastic T cells did not differ between the granzyme Bpositive or granzyme B-negative groups (Table 2) .
According to the criteria described by Chott and associates," the primary gastrointestinal lymphomas were separated in enteropathy-associated T-cell lymphomas (EATCLs; n = 13), EATCL-like lymphoma without enteropathy (EATCL-LLWE; n = 7) and T-cell lymphoma without enteropathy and without features of EATCL (non-EATCL; n = 14). Granzyme B-positive neoplastic cells were mainly associated with EATCL. A total of 77% (n = IO) of the EATCL cases versus 14% (n = 2) of the non-EATCL cases were granzyme B-positive. In 57% (n = 4) of EATCL-LLWE cases, granzyme B expression was detected.
In the granzyme B-positive cases of which Giemsa-stained imprint preparations were available (n = 4), numerous azurophilic granules were found in the cytoplasm of the neoplastic cells. In a primary nasal granzyme B-positive case, the characteristic secondary lysosomes could be found using electron microscopy (Fig 4) .
Immunophenovpic analysis.
The phenotypes of T-cell lymphomas originating in gastrointestinal tract, nose, and lung are listed in Table 3 . CD30 expression was found significantly more often in granzyme B-positive cases than in granzyme B negative cases. Moreover, there was a trend for the CD4"cVCD8"cP phenotype to be present in granzyme Bpositive cases. Other markers demonstrable on paraffin waxembedded tissue were not associated with granzyme B expression. From the markers that can only be used on frozen material (ie, TCRGI, HML-I, and CDS6), an association was found between CD56 expression and granzyme B-positive nasal T-cell lymphoma. However, the number of cases investigated was rather low (n = 12). Interestingly, no association was found between the presence of TCRb I and granzyme B expression in T-cell lymphomas. Granzyme B-positive cases were always naphtol-AS-D-chloroacetate esterase-negative. Both granzyme B-positive nodal cases were CD3-, CD4-, CD8-, CD56-negative. The granzyme B-positive cutaneous case was CD3-positive, but CD4-and CD8-negative.
Grartzyme B expression in control lymphoid tissues. The results were the same as recently described." Granzyme Bpositive cells were detected in all lymphoid tissues tested. In nonneoplastic lymph nodes and tonsillar specimens, granzyme B-positive cells were scarce. When found, they were mostly confined to the sinuses or medullary cords. In the jejunum, with normal mucosa, only sporadic small granzyme B-positive cells were present in the lamina propria. Granzyme B-positive intraepithelial lymphocytes (IELs) were not observed. A similar pattern was observed for normal mucosa adjacent to or overlying the tumor tissue in gastrointestinal lymphomas. Preliminary findings indicate that granzyme Bpositive IELs are more often found in patients with EATCL or EATCL-LLWE in the nonlymphoma-involved, adjacent mucosa (this study). In the control tissues tested, hardly any of the granzyme B-positive cells stained with MoAb against CD3. Most granzyme B-positive cells stained with MoAbs against CD I6 or CDS6, indicating that the majority of granzyme B-positive cells were NK cells in these control lymphoid tissues. The control-irrelevant primary antibody did not stain lymphoid cells.
Clinicalfeatures. Patients were treated in different institutes in different countries, and therapy was, therefore, heterogeneous. The rnale:female ratio of patients with granzyme B-positive tumors was I .25. The patients' ages ranged from 6 to 82 years (median, 54 years).
Patients with primary nasal T-cell lymphoma presented with localized disease (stage IE according to Ann Arbor) in all but 1 case (stage IV according to Ann Arbor with cervical lymph node and liver involvement). None were leukemic. Of 5 patients with granzyme B-positive nasal tumors, 4 died of disease between 1 and 27 months (median, 4 months) after initial presentation; I patient was alive with disease with ongoing chemotherapy. Of 3 patients with granzyme B-negative nasal T-cell lymphomas, 1 died of disease after 4 months (stage IV disease), 1 died of pneumonia without evidence of disease after 14 months, and 1 is still alive after 53 months with disease in CR.
Patients with primary gastrointestinal T-cell lymphomas most often presented with tumors of the small intestine. Most Table 3 
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GrBGrB' GrBGrB' GrBGrB' GrBPValue. For personal use only. on November 11, 2017. by guest www.bloodjournal.org From patients presented with stage I or I1 disease (n = 31). When more generalized disease was present (n = S), spread was often apart from lymph nodes to other mucosal sites (lung, stomach, and palatum). No apparent differences were noted with regard to clinical presentation between granzyme Bpositive or granzyme B-negative cases. Median survival was 5 and 3.5 months for granzyme B-positive and granzyme B-negative tumors, respectively, ( P = S ) . No significant differences in survival were noted between patients with CM-positive and CDS-positive or CDCnegative and CDSnegative gastrointestinal T-cell lymphomas ( P > .l). This also accounted for CD30-positive gastrointestinal T-cell lymphomas when compared with CD30-negative gastrointestinal T-cell lymphomas ( P = .15).
CD3-
Both patients with nodal granzyme B-positive lymphomas were young (6 and 17 years), with stage I and 111 disease and with disease in CR of long duration (25 and 70 months, respectively) after aggressive chemotherapy. The remaining granzyme B-positive primary cutaneous lymphoma had a favorable course (alive with disease in CR after 104 months).
DISCUSSION
We have shown that a substantial percentage (21%) of our T-cell non-Hodgkin's lymphomas are granzyme B-positive, indicating that they probably are the neoplastic equivalents of activated CTLs. Primary extranodal peripheral T-cell lymphomas that made up a significant proportion of our study group almost exclusively accounted for this substantial percentage of granzyme B-positive T-cell lymphomas that included 10 of 13 EATCL cases. Of the 29 granzyme Bpositive cases, 26 were localized in mucosal sites, ie, nose, gastrointestinal tract, and lung. Only few were localized in lymph nodes (n = 2) or skin (n = 1). Therefore, these lymphomas have a preference for localization in MALT.
Histologically granzyme B-positive cases showed significantly more angioinvasion and necrosis and less infiltration with eosinophils than granzyme B-negative lymphomas. Most granzyme B-positive cases belonged to the pleomorphic subtype categories of the updated Kiel classification. Moreover, granzyme B-positive lymphomas of the gut were associated with histologic characteristics of celiac disease, ie, villous atrophy and intraepithelial lymphocytosis in the adjacent normal mucosa. The association between clinical and/or histologic evidence of celiac disease and the occurrence of primary gastrointestinal T-cell lymphoma has been ~ell-established."'~~ Interestingly, most cases of T-cell lymphoma with eosinophilia of the gastrointestinal tract have not been associated with celiac disease."
Activation of resting CTLs induces morphologic changes with the occurrence of azurophilic granules3' In granzyme B-positive cases of which Giemsa stained cytologic slides were available, azurophilic granules were found. Reports of peripheral T-cell lymphomas with azurophilic granules are scarce, and cases reported most often had extranodal disease and often mucosal involvement.3641 In general, cytotoxic granules are enveloped by a lipid bilayer and contain small internal vesicles and an electron-dense core surrounded by a membrane!'* Granules with identical morphology were also found, by electron microscopy, in the cytoplasm of the For personal use only. on November 11, 2017. by guest www.bloodjournal.org From
